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Editor Speech of IC - BTI 2020
International Conference is the 9th international interdisciplinary peer reviewed conference which publishes
works of the scientists as well as practitioners in the area where UBT is active in Education, Research and
Development. The UBT aims to implement an integrated strategy to establish itself as an internationally
competitive, research-intensive institution, committed to the transfer of knowledge and the provision of a
world-class education to the most talented students from all backgrounds. It is delivering different courses in
science, management and technology. This year we celebrate the 19th Years Anniversary. The main
perspective of the conference is to connect scientists and practitioners from different disciplines in the same
place and make them be aware of the recent advancements in different research fields, and provide them with
a unique forum to share their experiences. It is also the place to support the new academic staff for doing
research and publish their work in international standard level. This conference consists of sub conferences
in different fields: - Management, Business and Economics - Humanities and Social Sciences (Law, Political
Sciences, Media and Communications) - Computer Science and Information Systems - Mechatronics,
Robotics, Energy and Systems Engineering - Architecture, Integrated Design, Spatial Planning, Civil
Engineering and Infrastructure - Life Sciences and Technologies (Medicine, Nursing, Pharmaceutical
Sciences, Physcology, Dentistry, and Food Science),- Art Disciplines (Integrated Design, Music, Fashion,
and Art).
This conference is the major scientific event of the UBT. It is organizing annually and always in cooperation
with the partner universities from the region and Europe. In this case as partner universities are: University
of Tirana – Faculty of Economics, University of Korca. As professional partners in this conference are:
Kosova Association for Control, Automation and Systems Engineering (KA – CASE), Kosova Association
for Modeling and Simulation (KA – SIM), Quality Kosova, Kosova Association for Management. This
conference is sponsored by EUROSIM - The European Association of Simulation. We have to thank all
Authors, partners, sponsors and also the conference organizing team making this event a real international
scientific event. This year we have more application, participants and publication than last year.
Congratulations!
Edmond Hajrizi,
Rector of UBT and Chair of IC - BTI 2020
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Implementation of Artificial Neural Networks in Embedded Systems
4

Roni Kasemi , Bertan Karahoda
1

1UBT,

2
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Abstract. As we know the artificial intelligence, and specifically artificial neural networks, have
improved rapidly in the last decade which leads to the application of these systems in commercial
fields like in buying online products, medical applications, financial applications, etc. But we know
also that ANN usually are complex systems that need a lot of computing power in order to function
properly which limits their application in number of fields, including here embedded systems because
of their limited hardware and software properties. In this paper our goal is to implement a fully
functional ANN in ATmega328p microcontroller, which will be programmed and trained in
microcontroller. Our study case is solar tracker, where we aim to create a functional tracker which
works based on ANN and with very limited hardware resources. With this implementation we aim to
prove that ANN can function in practical systems without need of high computing power but just with
simple
low
cost
embedded
systems.
Keywords: Artificial Intelligence, artificial neural networks, embedded systems, atmega328p.

Introduction
The idea of creating an artificially intelligent machine existed even before the technology was capable of
creating such a thing, but early development of AI started in 1950 with an article of Alan Turing published
in “Mind” magazine [1]. Since then, various systems and models have been developed like Expert Systems,
Genetic Algorithms, Fuzzy Logic, Artificial Neural Networks, etc. But we can easily say that ANN were one
of the most advanced systems since they were capable of solving real complicated intelligence problems like
winning against world chess and GO champions, detecting various cancers, driving cars autonomously
without
human
intervention,
etc.

Literature

review

First developments in neural networks started in 1943 when McCulloch and Pitts proposed a simple nonlinear
model of actual neurons, which was followed by Rorenblatt in 1960 with the first proposed model of a layered
network of perceptrons. But as you can imagine the first models were limited and were not able to solve even
simple XOR tables. But that changed with development of the first multilayer network in 1985 which includes
a famous backpropagation algorithm [2].

5

Fig. 1. Multilayer Artificial Neural Network [3]

First step is to calculate the output of the first layer which will be obtained by multiplying each neuron with
specific weight and then sum the total as output of the next layer neuron. Then we need to apply to that output
an activation function, where we use as example sigmoid function:
(1)

Where x represents the output we get from the previous calculation. The process is repeated until we get to
the final output layer where we get the final result and then compare it with desired or targeted output, where
their difference will give us the error [3]. The error value then will be distributed to all the layers back with
backpropagation method which can be represented like:
Error hidden = WT hidden_output * error output

(2)

Then comes maybe the most important part of the whole process which is updating the values of weights and
can be presented by the formula below:
(3)
T

Through this process the ANN can learn from its own errors and get always closer to desired output. The
whole process presented above is representing one of the most common ANN structures called Multilayer
Perceptron which will be used also in our application of study case. But also, other types of ANN such like
Convolutional Neural Networks, Radial Basis Function Neural Networks, Recurrent Neural Networks, etc.
use as base model the steps described above, with the difference that each network contains unique elements
and algorithms to fit their purpose.
But with increasing the complexity of tasks that are given to solve by ANN we need also to increase the
computational power, which brings us to our main problems we try to solve:
Can ANN be implemented in limited devices such as embedded systems?
If so, what is the limit of complexity of applied ANN in an embedded system?
It is possible for an embedded system with trained ANN to control a physical system?
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To find answers for these questions first we need to understand the limits of the embedded system that we
are going to use. Embedded systems are computational systems that are designed to do specific tasks (e.g.
microwaves or televisions) and because of that they usually have specific and limited software and hardware
unlike classical computers which are designed for general purpose use. These limitations make it possible
for embedded systems to be very compact in size and usually cheaper in price, but also have very limited
hardware, especially memory (RAM and ROM), speed of processor, battery lifetime, number of I/O, etc.
Another limit is in software which is as a result of hardware, so most of the embedded systems use C
programming language [4]. The hardware we are going to use is ATmega328p which uses Harvard
architecture and contains separate memories and specific communication lines for program and data which
increase the parallel processing. It is an 8-bit microcontroller with three 16-bit registers, 2KB SRAM and
32KB flash [5].

Fig. 2. Architecture of ATmega328p [4]

All of these limited specifications of microcontroller create a real challenge to develop and train a fully
functional ANN in it.

1.2 State of the art
During the research for related work, we find that most of the publications and projects use computers to
train the ANN and then apply trained network in embedded system which is not very similar with our case
since we want to train the network in the microcontroller. One of the most relevant work related to our
research was a paper from Gary Parker and Mohammad Khan, Connecticut College. They applied dynamic
learning using backpropagation method and Arduino Nano as hardware (which have the same
microcontroller we are using). Practical approach in this paper was implementation of logic operators AND,
OR, XOR and XNOR where LED’s were used as output of a system (representing 0 and 1) but what makes
it different from our case was that in this project for each neuron an Arduino Nano was used. That gives a lot
more processing power since every neuron has its own processing unit and they communicate with each other
via I2C protocol and master – slave system [6]. If we compare it with our project the main difference is that
in our case, we trained a neural network in only one microcontroller which was obviously more challenging
due to system limitations.
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Results
As a practical implementation we chose to build a solar tracker, which is supposed to track the light source
not only from East to West but also North and South. So, the system will have 2DOF from two servo motors
which will be the outputs of the system, and four photoresistors to detect light source as inputs of the system.
In the beginning we are going to tell the system extreme cases for example:
If LDR1 has full light then turn Servo1 for 180 degrees and Servo2 for 10 degrees.
So, we define each extreme case for different combinations and then use ANN to train the system in order to
learn every other scenario in between so the solar panel can track the light source smoothly in every direction.
First, we need to define Pattern Count which determines different case combinations, Input Nodes for number
of input neurons and Output Nodes for neurons to control servo motors. Then we define parameters like:
Hidden Nodes, Learning Rate, Momentum, Weights, Success. Each of these parameters need to be changed
and adjusted through a trial and error process until we figure out the best values to work with our system. All
the other calculations like calculating output of neurons, sigmoid function, calculating error, backpropagation
it and update the weights need to be done manually by coding since there is no library with built in functions
in C language to do the math part of ANN (like in Python) and also the memory of ATmega328p is very
limited for such complex libraries.
After changing and experimenting with parameters we mention above, we find that Learning Rate, Hidden
Nodes and Success parameters have the biggest effect on how the system will work. So, Learning Rate
determines actually how much the network learns from errors, Hidden Nodes represent the number of neurons
in the hidden layer and the Success parameter determines at what percentage of success rate we consider the
network successfully trained. At the beginning we start with values: Learning Rate = 0.3, Hidden Nodes = 6,
Success = 0.0002 and we get results as below.
Table 1. Results from the first experiments

Inpu
t1

0
1
0
1
0
0
1
1

In
pu
t2
1
1
0
0
0
0
0
1

I
n
p
u
t
3
1
0
1
0
0
1
0
1

Input
4

0
0
0
0
0
1
1
1

Desired
Output1

0.2
0.8
0.2
0.8
0.5
0.2
0.8
0.5

Desired
Output2

1
0.1
0.5
0.5
0.5
0.1
1
0.5

Actual
Output1

0.20016
0.79986
0.19921
0.80021
0.49982
0.20059
0.79987
0.50015

Actual
Output2

0.98587
0.10001
0.50022
0.50009
0.5002
0.09982
0.98594
0.50086

Time needed to train the network was about 1 minute and it takes 1194 iterations to complete the training.
We can see from the table that actual outputs were really close to desired outputs and the solar panel was
able to track the source of light. But when movement of light is bit faster, the system almost always starts to
shake and loses the control of tracking the light at all.
So, we changed parameters to Learning Rate = 0.1, Success = 0.0001 and Hidden Nodes = 8 and we get the
results:
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Table 2. Results from the second experiment

In
p
ut
1

Inp
ut2

0
1
0
1
0
0
1
1

1
1
0
0
0
0
0
1

Input3

Input4

1
0
1
0
0
1
0
1

0
0
0
0
0
1
1
1

Desire
d
Outpu
t1
0.2
0.8
0.2
0.8
0.5
0.2
0.8
0.5

Desi
red
Out
put2
1
0.1
0.5
0.5
0.5
0.1
1
0.5

Actual
Output1

0.20001
0.79997
0.19985
0.80001
0.50009
0.2001
0.79999
0.49995

Actual
Output2

0.98977
0.10004
0.50015
0.50014
0.50011
0.09997
0.99026
0.50054

We can see that results of actual outputs do not change that much but a big difference was the number of
iterations with 5000 and time needed to train the network was around 4 to 5 minutes. On the practical side
we see positive results as the system starts to respond significantly more stable than before. So, we start to
search for optimal values and as final values we get Learning Rate = 0.2, Hidden Nodes = 7, Success = 0.0001
and the final results were:

Table 3. Results from the final experiment

In
pu
t1

Inp
ut2

Inp
ut3

Input4

Desir
ed
Outpu
t1

Desired
Output2

Actual
Output
1

Actual
Output2

0
1
1
0
0.2
1
0.2001
0.99013
1
1
0
0
0.8
0.1
0.79993
0.09996
0
0
1
0
0.2
0.5
0.19961
0.50014
1
0
0
0
0.8
0.5
0.80009
0.50011
0
0
0
0
0.5
0.5
0.50004
0.5001
0
0
1
1
0.2
0.1
0.20033
0.09983
1
0
0
1
0.8
1
0.79995
0.98991
1
1
1
1
0.5
0.5
0.50003
0.50053
Network takes 3200 iterations and about 2 minutes to train and produce almost the same results as before.
Also, we can see from the graph below that actual and desired outputs are almost the same.
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Fig. 3. Graph of the desired and actual outputs

And the final form of applied ANN looks like:

Fig. 4. Final structure of ANN

Discussions
We can say that the designed ANN was trained in a very limited embedded system such as ATmega328p
microcontroller and was fully functional which was one of the main goals we wanted to achieve in this
project. A trained system was also applied on practical project which means it can be used and adapted to
real life systems with little changes. When we come to the limits of the microcontroller we use, we can say
that the main limitation is the number of hidden neurons in the network. When the number of hidden neurons
is above 9 the algorithm often gets stuck in an infinite loop while trying to calculate the actual outputs within
the range of Success parameter. Learning Rate and Success parameters are mostly making the training slower
but they alone do not cause major problems like the number of hidden neurons. We also do not try to add
more than one hidden layer since only adding more neurons causes trouble and adding more layers just would
make the network not functional. Also, worth noting is that the photoresistors were used directly without any
applied filter or electronics to smooth and stabilize the signal which means that ANN was able by himself to
read the raw data from simple photoresistors and produce very good results by tracking the light precisely.
During the research we also find out that the new development board series like ESP and Arduino Pro provide
much better and powerful hardware which makes it possible to train more complex networks for solving
harder problems. Another thing that makes these boards special is that they have access to the internet and
some of their models start to make possible development of much more complex networks in TensorFlow by
training the network in cloud and processing the results in real time as IoT systems.
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Abstract. By changing the way of production with the same resources engineers and managers are always
trying to increase outcomes. Lean is a method which is focused on reducing waste, it is used by manufacturing
industries to reduce waste and in the meantime, the quality is higher. Application of lean manufacturing into
enterprises may bring many benefits and advantages such as time reduction to the customers, less utilization
of inventory, efficient usage of processes, cost savings, improvement of knowledge management and rework
reduction.. This paper has attempted to understand how lean manufacturing is being used in the Kosovo
Manufacturing Industry, and benefits implementation of lean manufacturing techniques and their facilities.
Keywords: Benefits, Kosovo Manufacturing Industry, Lean Techniques, Small and Middle Enterprises.

Introduction
Lean principles has been developed by Toyota as an evolving concept for integrated production and
structuring of production practices, so they have adopted Lean Manufacturing in their production. Therefore,
based on the Toyota Production Systems (TPS)[1], lean manufacturing is a management philosophy. This
philosophy and management approach was summarized in five principles: value, value stream, flow, pull
production and perfection [2].
To understand how lean manufacturing is being used in Kosovo Manufacturing Industry, a study of its
practice across the industry was investigated. To collect data, the questionnaire is used into manufacturers
about the utilization of lean methods, implementation and benefits within SMEs in Kosovo Manufacturing
Industry.
There are a lot of lean tools and principles which are used recently into enterprises all around the world.
Essential lean methods include 5S (Sort, Set in order, Shine, Standardize, Sustain) workplace organization,
Kaizen (Continuous Improvement), Just-In-Time (JIT), PDCA (Plan, Do, Check, Act), Kanban (Pull
System), Poka-Yoke (Error Proofing), Heijunka (Leveling the Workload), Standardized Work, Jidoka
(Autonomation), Total Productive Maintenance (TPM), Value Stream Mapping (VSM), etc.
This investigation provides a brief description and explanation of how lean principles are used within SMEs
of Kosovo Manufacturing Industry and benefits of implementation. Provides approaches which are the most
useful lean tools implications on systems by producing exactly what the customer wants, at the minimum
cost with minimum or zero defects.

Literature review and theoretical framework
Studies on the implementation and use of the Lean Manufacturing are already widely reported in the
international literature, but few of them has been reported about the implementation and use of the lean
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manufacturing in Kosovo Manufacturing Industry, there are some papers related to usage of lean principles
about administrative processes.
1.1 Lean Manufacturing
The purpose of lean manufacturing is reducing the waste in inventory, time to market, human effort,
producing products with the right quality, economically and efficiently [3].
1.2 Lean Manufacturing benefits
According to Melton (2005) [4], the main improvements related to Lean were efficient usage of processes,
time reduction to the customers, cost savings, less utilization of inventory, improvement of knowledge
management and rework reduction. Additional benefits of Lean are improving financial position, achieving
competitive advantage, improving services, process standardization and increasing in quality. Some other
positive factors are the increasing competence of employees, reducing disappointments
with increasing satisfaction of customers, financial benefits to the organization and faster work completion.
Also, Lean manufacturing helps organizations in changing their approach to problem-solving abilities and
standardization [5].

Research Methodology
This investigation has been done in the SMEs (manufacturing companies) across the industry of Kosovo. It
is a process of our initiatives to create a model of the Smart Factory for Kosovo enterprises [6][7][8].
It has included companies that have effectively adopted the Lean Manufacturing system and companies that
are in the process of implementing Lean Manufacturing and also companies that are not using Lean
Manufacturing.
The project was designed as a survey, questionnaire and interviews with managers and staff like this to
evaluate the implementation of Lean Manufacturing Principles and level of usage. For that, a questionnaire
has been prepared both for companies which already implemented lean or are in process and for companies
which have not implemented lean or any other improvement practices like that. There have been delivered
186 questionnaires, most of them have been sent by electronic mail (e-mail), and some of them I have
delivered personally at the companies and in the meantime have been developed interviews with managers
or the personnel who is responsible for the project in the implementation of lean principles. Questionnaires
were sent to email addresses of correspondent to 125 companies and 61 companies by hand. However, 26 of
the emails were not delivered which can be because of an address change, wrong address or other reasons.
After almost three and a half months of sending questionnaires to companies, 123 responses were received;
35 from companies which have implemented lean, 88 from ones which have not used lean. Were answered
in the right way 95 questionariesand and have been accepted as the sample size. The response rate is 51.07%.

Results and analyses
4.1 Descriptive analysis of surveyed companies
Spreadsheet and SPSS packet programme are used to analyse collected data and inferential statistical analyses
are done to draw some conclusion. As just stated, the purpose of this part of the study was to determine to
what extent do Kosovo SME manufacturers use LMTs, which lean tools (techniques) are companies using
or have been using and what advantages could the company gain through Lean Production or any other
improvement programs.
In the question “To what extent do Kosovo SME manufacturers use Lean Manufacturing Techniques”?
Figure 1 shows the percentage that are using LMTs: 33.34% (32 of the 95 companies responding) and 66.66%
(63 of the 95 companies responding) that are not using LMT.
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Figure 1. The usage of LMTs in Kosovo Manufacturing Industry
Figure 2 below presents Lean tools that companies currently are using or have been using in their process of
manufacturing.

Figure 2. Lean tools that companies are using or have been using
For companies that are using LMTs, what level is the implementation of Lean Manufacturing Techniques?
Figure 3 shows the percentage of the implementation level of Lean Manufacturing Techniques.
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Figure 3. Implementation level of Lean Manufacturing Techniques at the companies that are using or
have been using them
4.2 Benefits of Lean manufacturing implementation
Lean manufacturing focuses on lowering cycle time, waste reduction, reducing defects and reduction of
response time and work in progress inventory. By implementation of Lean Manufacturing, the organization
can achieve reduced cycle time, increased labour productivity [9], [10], decreased lead time with the impact
of reduced cycle time and work in developing inventory, lead time to manufacture and to deliver the product
is drastically reduced [11]. Reduced inventory levels at all phases of production, particularly works-inprogress between production phases, decrease defects and unneeded physical wastage, including excessive
use of raw material inputs, costs associated with reprocessing defective items, preventable defects, and
unnecessary product characteristics which are not required by customers [12].
Figure 4 presents the advantages of Lean production or any other improvement program in Kosovo
Manufacturing Industry based on the responses from questionnaires.

Figure 4. Benefits of Lean tools
Flexibility, higher production, better delivery performance, lower cost, shorter development time are the most
common benefits of Lean tools that the respondents have answered from Kosovo enterprises.

Conclusion
Most of the respondents agreed on the importance of lean practices in their companies. The results show that
almost all the lean production principles are applicable by SMEs of Kosovo, but the percentage of usage of
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Lean Manufacturing in Kosovo Manufacturing Industry is at a low level. However, based on the interview
survey most of the companies that are not using Lean Manufacturing Techniques tend to implement lean in
the future.
Furthermore, the analysis showed that 66% of enterprises do not use Lean principles at all, from those that
are using Lean principles none of them has implemented principles completely but in partial and limited
level. Those facts represent the main obstacles in the journey of Kosovo Manufacturing Industries toward
Industry 4.0
Kaizen, Kanban System, Standardized Work, Reduction of Set-Up-Time, and Six Sigma are the most used
lean principles in Kosovo enterprises based on the respondents' answers.
Flexibility, higher production, better delivery performance, lower cost, shorter development time are the most
significant benefits of Lean tools that the respondents have answered from Kosovo enterprises. Hopefully,
the next investigation will be able to enhance the findings and provide new information towards developing
a
feasible
and
systematic
Lean
Manufacturing.
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Abstract. Optical based characterization techniques and related analytical methodologies, originally utilized
in the mineral sector, can be profitably applied to solid waste streams products as resulting from different
recycling processes. This approach, when supported by digital tools allows to perform a full characterization
of compositional and textural attributes of the different particulate solids constituting the waste flow streams.
To reach this goal specific physical-chemical attributes must be collected, analyzed and processed in order
to define, according to market requirements, specific classes of quality to assume as reference to define
optimal processing strategies. Computer-assisted optical characterization, coupled with hyperspectral sensing
devices and embedding recognition/classification logics, can contribute to reach these goals, dramatically
reducing analytical time and costs. In this work an example of this “transfer approach”, from minerals to
waste, is presented, analyzed and discussed, with reference to a porphyry copper ore sample and a WEEE
product.
Keywords: Computer assisted microscopy, Scanning Electron Microscopy (SEM), X-Ray Fluorescence
(XRF) analysis, Near Infrared (NIR) HyperSpectral Imaging (HSI) Spectroscopy, porphyry copper, WEEE.

Introduction
In the last decades, we have assisted to a large knowledge transfer from mining to secondary raw materials
sector, especially with reference to material processing and resulting products control [1, 2]. The main
challenge to economically and environmentally develop and improve sustainable recycling processes relies
on a good and reliable characterization of the specific product waste. In this scenario, computer-assisted
optical characterization, and the related sensing applications, represents a powerful tool, especially for
particulate solids waste handling, control, selection and when certification actions must be carried out.
Applied mineralogy usually investigates the identities of major, minor and trace elements, the compositions
of minerals – metals, the quantities of minerals - metals, particle and grain size distributions and textures of
the explored material, mineral - metal liberations and the surface coatings on minerals – gangue material [3].
The same detection logic can be applied to waste, that is: the exploration of elemental identities, material –
metals and/or alloy composition, particle and grain morphological, morphometrical, textural analysis and
materials liberation. In this paper, a comparison, in terms of applied methodologies and obtained results, is
presence with reference to a primary (i.e. copper ore) and secondary (i.e. waste electrical and electronic
equipment recovered products) raw materials.

Materials and methods
2.1

Materials

Two samples have been utilized to perform the study. The 1st one consisting of milled product (-1100 + 600
µm) as resulting from the mechanical processing of a porphyry copper ore (Figure 1a) from Rio Blanco - Los
Bronces in the Central Chile Metallogenic Segment (Late Miocene Porphyry Copper Deposits), on the west
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side of the Andes [4], constituted by monzonite quartz, tourmalinic breccia, andesite and chalcopyrite
(CuFeS2). The 2nd one a WEEE sample coming from a Waste Electrical & Electronic Equipment (WEEE)
processing plant which utilizes an innovative separation technology, the MDS (Magnetic Density Separator).
The investigated product belongs to the MDS output fraction below 10 mm and characterized by a density
ranging between 1300 and 2200 kg/m3. As can be seen in Figure 1b, the product is mainly constituted by
PCBs, polymers and ceramics. A small amount of metals, mainly copper, still occurs in this output. Ideally,
in this density range metals should not occur. Their presence is mainly due to finer fractions resulting from
milling, PCBs and wires [5].

1 cm

1 cm

a

b

Fig. 1. Polished section of a milled product (-1100 +600) µm as resulting from the mechanical processing of a porphyry
copper ore (a) and +10 mm bulk WEEE products fed to Magnetic Density Separation (MDS) (b).

a

b

Fig. 2. SEM–BSE image acquired at 82 x for -1100 + 600 µm polished sample of particles containing chalcopyrite (a)
and RGB image, segmented by thresholding, processed in Image-Pro® Plus (a). SEM analyses have been carried out
using a Hitachi S2500 SEM equipped with a EDS-Kevex 8000 microanalysis unit with a Si(Li) detector.

a

b

Fig. 3. XRF elemental maps of a polished section ROI (Region of Interest) identifying Cu and S of chalcopyrite grains
(a) and metallic elements mainly occurring in Printed Circuit Boards (PCBs) (b) of +10 mm bulk WEEE products fed to
MDS. µ-XRF analyses were performed using a benchtop XRF spectrometer (M4 Tornado, Bruker®). Elemental maps
are the results of a XRF peak deconvolution of the sum spectra collected pixel by pixel.

2.2

Analytical techniques

Scanning Electron Microscopy (SEM) and X-Ray Fluorescence (XRF). The Scanning Electron
Microscope (SEM) and the X-Ray Fluorescence (XRF) can be considered among the most versatile and
widely used electron beam based analytical instruments for material characterization [6]. Examples of the
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potentialities offered by these approaches are shown in Figures 2 and 3, where SEM analysis, combined with
image processing, allow to assess minerals distribution inside the porphyry copper ore grains (Figure 2) and
the elemental maps (i.e. element determination referred to samples surface), determined by XRF analysis
(Figure 3), of chalcopyrite ore milled product and WEEE products gives a clear picture of presence and
distribution of the different elements inside the grains.

a

b

Fig. 4. a: PLS-DA copper prediction maps as resulting from the XRF mapping of -1100 + 600 µm polished sample of
particles containing and gangue minerals (a) and of the +10 mm bulk WEEE products fed to MDS (b).

In recent years, SEM and XRF technologies started to be more and more utilized to characterize wastes and
in particular electronic waste [7], where the problems related to materials recovery, inside a flow stream
constituted by particles of different composition and textural characteristics, are very similar to those to face
in mineral processing. Among these two techniques the most promising is XRF thanks to its capability to
operate non-destructive chemical analyses working on wavelength-dispersive spectroscopic principles [8].
XRF is profitably applied when bulk chemical analyses of major elements (i.e. Ca, Na, K, P, Si, Al, Fe, Mg,
etc.) and trace elements analyses (i.e. for quantities greater than 1 ppm: Ba, Ce, V, Y, Zr, etc.) have to be
carried out in raw materials [9]. A limit of this technique is that the most available instruments cannot
accurately measure the abundances of elements with an atomic number lower than 11 [10]. Furthermore, the
utilization of XRF also allows to perform a “domain classification” (i.e. grain area characterized by the
presence of specific element/s) over the acquired hypermap [11]. To reach this goal chemometric tools, such
as the Partial Least Square - Discriminant Analysis (PLS-DA) can be applied [12]. An example of the
potentialities of this approach in respect of the two reference samples (i.e. chalcopyrite and gangue minerals
and WEEE product) considered in this paper are reported in Figure 4.
Computer-aided optical-spectroscopy and HyperSpectral Imaging (HSI). Today, thanks to the
development of innovative spectroscopic sensing units and the utilization of advanced chemometric tools,
computer-aided optical spectroscopy, coupling “classical” optical magnification devices (i.e. macro- and
micro-optical devices) and spectrometers (i.e. VIS, NIR, SWIR, Raman, etc. detection units) are more and
more utilized to perform identification, recognition and classification of materials. In this framework Near
Infrared Spectroscopy (NIRS) can play an important rule for its not invasive and not destructive
characteristics and allowing to the determination of molecular composition of the surfaces or a quantitative
analysis of compounds within a mix of materials [13].

c

d
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Fig. 5. Mean reflectance hyperspectral image (1000 – 2500) nm of the +10 mm bulk WEEE products fed to MDS (a) and
the related PLS-DA prediction map identifying the PCBs (b). Analyses have been carried out utilizing a SISUChema
XLTM Chemical Imaging Workstation (Specim, Finland), equipped with an ImSpector™ N25E imaging spectrograph
working in the 1000-2500 nm wavelength range.

Infrared (IR) detection units use an active source to irradiate and analyze the material. The spectrometer
detects the reflected radiation including the absorption bands, generating a specific spectrum (i.e. "spectral
signature" or "fingerprint") of the material [14]. A big step forward in the utilization of this technique, is
represented by the introduction on the market of HyperSpectral Imaging (HSI) detection devices, allowing
the implementation of innovative detection/inspection logics to utilize to solve a variety of industrial tasks
such as automatic material sorting and/or quality control applications [15,16]. The utilization of Short-Wave
Infrared (SWIR) – HSI units was addressed not only to mineral phases, or rocks (e.g. gangue) recognition
[17] but also to materials of different origins and characteristics. With reference to secondary raw materials
and more specifically considered WEEE derived products [18] in Figure 5a is shown an example of a
hyperspectral image, acquired in the SWIR region: 1000 nm to 2500 nm and referred to the + 10 mm mixed
WEEE milled product fed to MDS.

Conclusions and future perspective
Optical-digital sensing techniques, originally developed for the minerals sector, can be also profitably applied
for the classification of secondary raw materials. For their characteristics, the utilization of this techniques
can be addressed not only at a laboratory scale but also at plant scale, thanks to their not invasive and not
destructive properties. More specifically XRF and HSI based techniques could dramatically contribute to
improve the quality of solid waste derived products, allowing the possibility to implement both easy to apply
laboratory controls and on-line quality control strategies for a continuous recovered products monitoring.
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Abstract. Diversity and inclusion are the vital to the long-term success of any business. In Industry 4.0 and
5.0 there is a requirement that engineering firms have the best talent to foster innovation, entrepreneurship
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and growth. The best talent means offering engineering education to all members of society, including
minority groups. Traditionally automation is not an engineering sector that attracts a diverse cohort. This
paper looks at why science, technology engineering and math (STEM) in general, and automation in
particular, flourishes when opened up to a more diverse and inclusive community and it offers insight as to
how
to
attract
this
more
diverse
and
inclusive
society.
Keywords: Industry 4.0 (5.0), Automation, Inclusion, Diversity Education.

Introduction
All sectors, including STEM, need diverse communities. Creating an environment where everyone has an
equal opportunity to succeed is not only fair – evidence shows that diversity leads to better, more impactful
scientific research. Meanwhile, imbalance in academic research takes many forms. In a publication in 2018
by Elservier by Bert called “3 reasons gender diversity is crucial to science” it states that “scientific research
is more accurate when gender is considered, women bring unique perspectives to research and scientific
conversation and we need more STEM professionals.” [1]
The World Economic Forum has published a white paper entitled Accelerating Gender Parity in the Fourth
Industrial Revolution. It states, ‘women account for 11% of employees in the architecture and engineering
job families, a lower share than other related STEM industries including 23% of those related to Information
Communication Technology (ICT) and mathematics, and far less than 30% of world’s science researchers.’
[2]
There has been some focus in this century on encouraging diversity, but the challenges persist. In a study by
Doyle-Kent et al in 2019 it is stated that the experience of two of the authors is that a shortage of female
engineers in the Irish workforce. There has been no significant improvement over the past 20 years, and it
looks like this will continue into the foreseeable future unless radical changes occur. [3]
Elsevier CEO Kumsal Bayazit stated “we have more work to do to address issues of diversity and inclusion
in research. There is no single solution here; the entire research ecosystem must come together to drive
lasting change. To this end, we will accelerate our work with all stakeholders, including funding bodies,
governments and institutions worldwide that share our goal of advancing science and improving health
outcomes through greater diversity in research.” Figure 1 below starkly paints a picture of women as a
minority group in the global research landscape in the field of engineering. [1]
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Fig. 1. Men significantly outnumber women in engineering research around the world. [1]

Diversity and Inclusion
2.1 Definitions
Gender imbalance in academic research is manifested in many different ways: from the low proportion of
women who are tenured professors, to the extremely low rates of grants awarded to female researchers, to
the monetary value of these grants and how the research itself is produced. Elsevier Inclusion and Diversity
Advisory Board’s mission is to:
●
●
●

Drive I&D initiatives that lead to positive change in gender balance in academic research
Help set standards and best practices that drive unbiased, robust decisions incorporating I&D
principles in research
Influence and improve the gender balance in research funding, peer review, publication and career
progression [4]

Workplace diversity is understanding, accepting, and valuing differences between people including those of
different races, ethnicities, genders, ages, religions, disabilities, and sexual orientations, with differences in
education, personalities, skill sets, experiences, and knowledge bases.
In a report by Deloitte they state that diversity is perceived differently by generations. Millennials view
workplace diversity as the combining of different backgrounds, experiences, and perspectives, and they
believe taking advantage of these differences is what leads to innovation. [5]
Inclusion in the workplace is a collaborative, supportive, and respectful environment that increases the
participation and contribution of all employees. As a matter of fact, true inclusion removes all barriers,
discrimination, and intolerance. When applied properly in the workplace, it is natural for everyone to feel
included and supported.
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Diversity and inclusion ns a company’s mission, strategies, and practices to support a diverse workplace and
leverage the effects of diversity to achieve a competitive business advantage. Companies that create diverse
and inclusive work environments are more adaptable, creative, and become magnets that attract top talent.
2.2 Diversity and inclusion priorities
A survey by Forbes Insights of more than 300 senior executives shows the following statistics:
● Diversity is a key driver of innovation and is a critical component of being successful on a global
scale.
● A diverse and inclusive workforce is crucial for companies that want to attract and retain top talent.
● Nearly all respondents reported that their companies have diversity and inclusion strategies in place.
● Organization’s diversity goals and priorities won’t change significantly over the next three years.
● Responsibility for the success of company’s diversity/inclusion efforts lies with senior management.
● Significant progress has been made to build and retain diverse workforces, but there are still some
impediments to companies’ efforts.
65% of senior executives believe the responsibility for implementing diversity and inclusion programs falls
on HR, while 45% say it’s the responsibility of senior leaders within a business unit or division. 56% of the
companies surveyed strongly agree that diversity helps drive innovation. It’s clear that they believe this
innovation advantage is achieved through their ability to attract and recruit diverse talent. [6]
2.3 Diversity and inclusion best practices
A survey of 330 HR executives by Professor Roberson found that diversity and inclusion best practices
include:
● fair treatment
● equal access to opportunity
● teamwork and collaboration
● a focus on innovation and creativity
● organizational flexibility, responsiveness, and agility
● conflict resolution processes that are collaborative
● evidence of leadership’s commitment to diversity (e.g., appointing a Chief Diversity / Equality
Officer)
● representation of diversity at all levels of the organization
● representation of diversity among internal and external stakeholders
● diversity education and training
The interesting thing to note is that employees perceive their company as diverse and inclusive based on
practices that aren’t even directly related to diversity such as a focus on innovation and creativity.
Instead, these best practices are ones that are desired by everyone in the workplace. [7]

2.4 Diversity and inclusion strategies
According to Bersin in 2015 vital company strategies to support diversity and inclusion include:
●
●
●
●
●
●
●
●
●

“Creating a focus and strategy at the CEO/COO/CHRO level
Assigning a top executive, the responsibility for leading and sponsoring the diversity and inclusion
program
Creating behavioral standards and holding leaders accountable for results
Training people at all levels on topics like unconscious bias
Integrating diversity and inclusion strategies in recruitment, performance management, leadership
assessment, and training
Creating employee networks (e.g, employee resource groups, community outreach groups)
Holding your company accountable to compete and win in external award programs
Accepting and honoring multiple religious and cultural practices
Strengthening anti-discriminatory policies
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●
●

Reporting goals and measuring progress
Creating an externally visible scorecard to measure progress including metrics for recruiting,
promotion rates, compensation levels, turnover, participation in ERGs, and supplier diversity” [8]

2.5 Benefits of Diversity & Inclusion in the Workplace
Builtin.com is an interesting American website which gathers interesting statistics for high tech industry
supporting diversity and inclusion. They say that “aside from being a clear social, political, ethical and
moral responsibility, there are some serious benefits associated with diversity in the workplace”. Following
are some of their insights.
Table 1. Insights from Buildin.com on diversity and Inclusion [9]

Ethnically diverse companies are 35% more likely to yield higher revenue, while gender diverse companies
are 15% more likely to yield higher revenue.

Diverse companies are 70% more likely to capture a new market audience.

When employees perceive their organization as committed to diversity and inclusion, and they actually feel
included, employees are 80% more likely to rank their employer as high performing.

As of March 2019, 25 (4.8%) of Fortune 500 CEOs are female (up from 2.4% in 2008).

In addition to white men, as of 2018, there are more white women at every stage of the corporate pipeline
than men or women of color.

Only 17.9% of people with a disability were employed in 2016 compared to 65% of people without a
disability.

Of people who post personal religiously affiliated content on social media, Muslims are 13% less likely to
receive a call back for an interview.

Men earn a 6% higher wage when they have a child, whereas women earn 4% less when they have a child.

Diversity

and

Inclusion

in

Automation

Engineering is one branch of STEM. Automation and robotics celebrate the 100 th anniversary in 2020 as it is
now 100 years since the word robot was used first by the Czech writer Karel Čapek. Robot comes from a
Czech word, “robota” meaning “drudgery” or “servitude” [10] This century old establishment is need of
diversifying and in order to become more attractive to a more diverse community, must now undergo a
transformation. [10]
In modern manufacturing plants robots and automation play a central role in Industry 4.0. One of the more
difficult tasks companies now have is finding suitably qualified staff for this high-tech working environment.
In addition, engineering managers ask themselves how do they maintain the staff that they have in the more
longer term? What do these highly qualified employees want from their employer to keep them motivated?
[11]
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As expressed by Doyle Kent et al in 2020 “the modern manufacturing environment will require both robots
and humans to collaborate and work together harmoniously, each bringing their positive attributes to the
table. Anecdotal evidence suggests that industrialists are finding it more and more difficult to find the
appropriate staff for this high-tech working environment. When staff are hired and trained a significant
investment is made. It is then a high priority of the company to keep the staff employed for the longer term.
Favourable working conditions and opportunities and career development are essential to keeping staff
engaged and motivated.” [12]
Doyle-Kent et al in 2020 state that jobs will be more “non routine and cognitive. This will require greater
investment in ICT related skills (software skills and programming). They suggest that these skills, and
complementary skills in engineering, need to be “offered in ways that are inclusive to ensure that women
and men can benefit from these opportunities”. There is growing pressure to ensure that diverse communities
have opportunities to upskill in future manufacturing factories if the best talent is to be available.” [13]
3.1 The International Federation of Automatic Control (IFAC)
IFAC was founded in Paris in 1957, IFAC is the worldwide organization tasked with promoting the science
and technology of automatic control in all systems, whether for example, engineering, physical, biological,
social or economic, in both theory and application. IFAC is also concerned with the impact of control
technology on society.
IFAC's Technical Committees (TCs) are responsible for the technical areas covered by IFAC, which are
specialized topics in control engineering. The technical areas are placed into nine groups, called Coordinating
Committees (CCs) where each technical area within a CC coincides with a TC. [14]
3.2 The IFAC TC 9.5
In the science and engineering community TC 9.5 is a unique community of scientists, engineers,
practitioners and people from other disciplines. What unites us is a common interest in applying advanced
control and automation technologies and systems in the service of humanity. TC 9.5 have currently 5
Working Groups.

Figure 2 The TC 9.5 Inclusion and Diversity logo.
The latest and youngest working group in TC 9.5 is in the area of
“Diversity and Inclusion” It was created in Sozopol in 2019 after a
meeting set up by Professor Fahmida Chowdry to discuss Women in
STEM. This WG currently has 34 members from 10 countries. The main
idea is to promote Inclusion and Diversity in STEM and to support
fellow TECIS members in their careers and research endeavors. The
mission statement: to understand status quo, to inspire future
generations and to mentor and support current researcher in their
careers.
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The work is broken down into subgroups to
facilitate ease of working:
New definition for a new
era
STEM data per country
starting with 1-2 examples
Sociological factors eg
confidence, values, comfort zones etc
Education remodeling to
attract marginalised groups at second
and third level

Figure 3. The subgroups of the TC9.5

Different
cultures
different outcomes eg value of STEM
careers

WG Diversity &Inclusion: The importance of the work of the WG in D&I has been formally Communicate
recognized at the good
council level and attempts into align the WG with the D&I Task Force have resulted
in
Mary
Doyle Kent
news
being appointed as a chair of this new Committee in D&I reporting to Council. Major achievement for TECIS,
and underlines the importance of TECIS initiatives in IFAC.
Until now there are some publications from the group – 10 are in preparation – an own webpage and a
Videoclip. These are the aims of the working group:
●
●
●
●
●
●
●
●
●
●
●
●
●
●

We will work as a cohesive multicultural group listening to all and appreciating all contributions
Data gathering is an essential element of this process as understanding sociological, cultural and
educational influences are key to unlocking trends and paradoxes.
Investigating the role of the engineer in modern society is necessary so as to attract diverse
communities into modern techno-engineering fields.
It is strongly felt that engineering education needs to be remodeled to attract diverse communities
at third level.
Expression of the core values of our youth needs to be incorporated into engineering disciplines so
that the value of this education is more highly appreciated.
This working group will promote careers and education in engineering by highlighting positive role
models and communicating the good news stories through diverse digital mediums and through
IFAC and TECIS.
Networking and mentoring are vital for people working in and considering STEM careers.
Publish academic papers and present at conferences, symposiums and workshops in TECIS and
elsewhere.
Investigation of funding opportunities to support future cross-cultural projects
We will work as a cohesive multicultural group listening to all and appreciating all contributions
Data gathering is an essential element of this process as understanding sociological, cultural and
educational influences are key to unlocking trends and paradoxes.
Investigating the role of the engineer in modern society is necessary so as to attract diverse
communities into a modern techno-engineering fields.
It is strongly felt that engineering education needs to be remodeled to attract diverse communities
at third level.
Expression of the core values of our youth needs to be incorporated into engineering disciplines so
that the value of this education is more highly appreciated.
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●
●
●
●

This working group will promote careers and education in engineering by highlighting positive role
models and communicating the good news stories through diverse digital mediums and through
IFAC and TECIS.
Networking and mentoring are vital for people working in and considering STEM careers.
Publish academic papers and present at conferences, symposiums and workshops in TECIS and
elsewhere.
Investigation of funding opportunities to support future cross-cultural projects. [15]

Conclusion
In conclusion research has shown that a diverse and inclusive working environment greatly enhances
productivity, innovation, and entrepreneurship. Historically, the area of automation in engineering doesn’t a
attract diverse community. To future-proof the industry and to ensure that the best talent in the world is
engaged in Industry 4.0 and 5.0, efforts are being made to inspire future generations.
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Abstract:The possibility of increasing production capacity by re-designing the actual layout and material
flow at Elsam factory is explained in this article. Planning of the actual layout needs some improvements
because it does not meet customer demand. The actual layout is found to be disorganized on material flow
which leads to a decrease in production capacity. Three different layouts are prepared and be analyzed.A
comparison between proposed and actual layout is shown to find out the influence on production capacity.
According to the data taken from simulation software FlexSim, significant improvement is foreseen. This
study reveals that redesigning of the layout ensure increase of production capacity from 11 unit per day to 17
unit
per
day,
so
while
the
throughput
capacity
is
increased
by
64.7%.
Keywords - Manufacturing process, The Systematic Layout Planning SLP, FlexSim program

Introduction
The actual management of the factory is preparing to be facing rapid change on the marked. Based on the
client's demand, market concurrence, and increasing the price of the base material which must be taken into
account, induce management to think about a new form of the organization. If layout is not in system, that
influence negatively in different manufacturing phases [1]. There are different principles for improvement of
manufacturing layouts, in our case we used Muthers principle [2] which is known as systematic layout
planning SLP. It is necessary to take into account also zones which are particularly related to the factory
planning [3],[4]. Simulation will help to analyze actual planning status and find out alternative solution to
increase productivity [5] and also will help us to save time and money [6], [7]. The FlexSim [8] software is
used in the research. Redesigning of layout, starting by the placement of equipment and processors
(machines) in the new layouts factory will reduce the transport distance within consecutive processes,
minimize production time and find ways to improve throughput capacity. Redesigning of the layout has
several purposes:
1. Maximum Throughput Capacity
2. Flexibility of process flow
3. Maximum Efficiency Flow
4. Safe work.
This research method reduces the waste time during the flow of material and consequently resulting in the
reduction of the factors which cause decreased throughput capacity. This simulation is very popular and has
been constantly developed. As a result, simulation can be applied to a range of industries such as industrial
production, transportation, distribution, or even to provide business services such as banks, hospitals, and so
on. There are many cases of studying the application of FlexSim software in many industries. Applying the
model to assess the layout planning efficiency, to improve production techniques, the appearance of the
factory offers a way to evaluate layout.
Distance-Based Procedures were able to demonstrate an increase or decrease in the productivity of the
factory. By taking into account the traveling distance, process time, and set up time between consecutive
processes, the improvement of the layout after simulation could be considered, so the FlexSim is the right
choice [8].
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Methodology of the investigation
1) Layout Planning: the Precedence diagram method (PDM) and Muther’s principle, called "Systematic
Flow Planning: SLP" which are methods to plan production, consisting of different stages of the planned
workshop (Model Patterns) model of individual components, as well as areas that partly relate to factory
planning.
2) Simulation: The research was done using the FlexSim software, which helps in the simulation that serves
us to find a solution as well as to improve systems in planning, such as restoring equipment in the factory
production process at a distance short and find minimal production time and increase throughput capacity.
3) Data Collection: The information used to reflect the enterprise and research of the flow chart of work
processes.
3.1) Overview of Elsam factory. Production Line has 20 people engaged. The number of machines used in
the production of the oil tank is 7, which have the following functions: 1 Material cutting machine, 1 Sheet
bending machines, 1 Drilling machine, 2 Welding machine and 1 Inspection machine and 1 Anticorrozive
protection machine.
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Experimental work
Precedence diagram method (PDM) with respectively time duration of process time is shown below starting
from first workstation A to the last workstation G of the layout, where: Cutting (A), Drilling (B), Bending
(C), Assemble-Welding (D), Inspection (E), Anticorrosive protection (F), Packing (G).

From the precedence diagram method is clearly visible that only the Cutting process (A) does not have any
predecessor processes, but the others processes does have, data are shown in Table 1.

Table 1 The work flow sequence of oil tank production

Task/Workstation

Description

Immediate
predecessor

Task time
(minutes)

A

Cutting

-

20.45

B

Drilling

A

16.63

C

Bending

B

17.79

D

AssembleWelding

C

16.34

E

Inspection

D

5.12

F

Anticorrosive
protection
Packing

E

31.59

F

17.84

G
Total time

=125.76

Measurement of traveling distance between consecutive processes of workflow during the manufacturing of
oil tank for actual layout and three different improved layouts are presented in Table 2.
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Table 2 Traveling distance
Material flow process
Layout
Type 1
Type 2
Distance
Distance
(meters)
(meters)

Number of
employer

Actual
Distance
(meters)

2

32.00

10.54

10.54

Movement from workstation A to B

1

23.35

15.51

15.44

Movement from workstation B to C

1

19.38

15.50

15.50

Movement from workstation C to D

1

21.64

17.20

17.20

Movement from workstation D to E.

1

15.48

14.15

14.15

Movement from workstation E to F

1

13.49

13.50

13.50

Movement from workstation F to G

Description

Total
86.40
86.33
125.34
distance
From the data collected to study the function table in Table 1 and Table 2, information about the number of
employees, the travel distance between each production process and the process time are presented.
According to data it is clear that the actual layout can produce approximately 1 piece every 140 minutes.
Improvement of layout type 1 can produce 1 piece every 136.62 minutes, layout type 2 can produce 1 piece
every 136.62minutes.
Design layout relationships of three types of layouts are shown on Figure 1 to Figure 3. It shows the
comparison between actual layout and improved layouts:

Figure 1 Actual layout of the production line
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Figure 2 Type 1 of layout of the production line

Figure 3 Type 2 of layout of the production line
In the type 2 layout is added an additional workstation named F2 (see red rectangle Figure 3) in order to
eliminate the bottleneck, which is identified and which has a significantly negative effect on the production
capacity. PDM diagram after adding a new workstation took the form:
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The research results show that from the collected data of FlexSim simulation software production volume in
the actual layout can produce only 11 units per day. The reconstructed layout system type 1, type 2 shows
improvements as follows:
- In type 1 ensure production of 11 units per day,
- In type 2 ensure production of 17 per day.
Respectively as shown in Table 3. It has been shown that the layout type 2 is the most appropriate and best
because of its higher production rate, but it require investment for one additional workstation.

Table 3 Data collection from software FlexSim
List of layouts

Distance (m)

Time
Production rate
(min/piece)
(piece/day)
Actual Layout
125.34
140
11
Type 1
86.40
136.62
11
Type 2
86.33
137.12
17
From the production window created according to Precedence Diagram Method (PDM) and the principles of
Systematic Flow Planning (SLP), type 2 planning has become more appropriate. According to Table 2. the
actual layout distance is 125.34 meters, but after redesign of layout type 2 is chosen where the 86.33m
movement distance during a cycle work is reduced by 39.01 meters. Since the movement distance between
consecutive processes is decreased, it also reduced the idle time during transportation (movement of material
between workstations) and this contribute on increasing of safety work in factory. It also solved the problem
with bottleneck in workstation F (Anticorrosive protection) by adding a workstation F1 which has
significantly increase production capacity by 64.7%.
3D view and dashboard of the analysis using the FlexSim software of three layouts types are shown in
Figures (4-5-6).
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Figure 4 Analysis and 3D view of the production line of actual layout

Figure 5 Analysis and 3D view of the production line of layout type 1
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Figure 6 Analysis and 3D view of the production line of layout type 2

Conclusion
The research results of the experimental part of this paper have revealed that the planning problem in the
current layout was a material leakage disorder and bottleneck. Consequently, the flow of material movement
has been inefficient. During transport process between two consecutive manufacturing processes has been
time delay identified. Based on the principle of systematic flow planning (SLP), as well as in the analysis of
FlexSim software simulation improvement and the reconstructed layout was possible to recommend.
Results taken from simulation enabled us to choose the upgraded type 2 layout while it ensure the highest
throughput capacity. Based on the experimental data, cycle time of 138.12 minutes and the maximum
throughput rate equal to 17 pcs per day taken from the FlexSim software simulation shows that throughput
rate has been increased for 64.7%. Reduce of transport distance and elimination of bottleneck in the
production process, allowing employees to work faster, reduce idle time, increase production rates, and
efficiency in the production process. Therefore reduced transport distance has also decreased rate of the injury
risk of workers or any other damage.
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